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金属苯及其衍生物催化芳香酮的氢转移氢化                                                摘  要 









氢化反应。在 50℃，反应 5 h，苯乙酮转化率高达 98 %。同时考察了该体系对不




合物应用于苯乙酮的催化氢转移氢化，发现在 50℃ ，反应 5 h，转化率高达 97 %，
e.e.值 31 %，初步实现了不对称催化。 
2. 首次将锇苯应用于催化芳香酮的氢转移氢化，锇苯的催化活性普遍较低，
转化率在 17～99 %之间。经配体 pyme 修饰后的锇苯络合物应用于苯乙酮的氢转
移氢化的催化，其催化活性较锇苯大大提高，且与现场催化效果相同。在 82 ℃，
反应 2 h，锇苯/pyme 现场催化苯乙酮转化率高达 98 %，催化其他绝大多数芳香
酮的转化率高达 100 %。(R,R)-dach 修饰的锇苯催化一系列芳香酮的不对称氢转
移氢化，转化率在 82～100 %之间，e.e.值在 25～52 %之间。 
3. 采用手性三齿氮配体立体选择性合成了一对手性锇苯络合物 Os-(L-NNN)
和 Os-(D-NNN)，其 CD 光谱几乎呈镜像对称。更精准的 CD 光谱分析和绝对构
型确定还有待进一步研究。 
4. 通过手性 HPLC 技术首次成功拆分了惟手性金属中心的锇苯络合物 4-4
的一对对映体。分别对其进行 CD 光谱测试，两种对映异构体的 CD 谱图呈现几















Metallabenzenes and Their Derivations as Catalysts for Transfer Hydrogenation of Aromatic Ketones      Abstract                    
Abstract 
    Although metallabenzenes were predicted and successfully synthesized nearly 30 years ago, 
and few researches on its photic and electric properties were reported; it was rarely found that 
metallabenzenes could be as catalysts for transfer hydrogenation of aromatic ketones and this was 
probably because most metallabenzenes are not robust enough to withstand further chemical 
reactions. Recently, Professor Haiping Xia's group has reported the one-pot synthesis of stable 
ruthenabenzene Ru(C5H3)(PPh3)4Cl3 and osmabenzene Os(C5H3)(PPh3)4Cl3. In this dissertation, 
we focus on the employments of metallabenzenes and their derivates as efficient catalysts for 
transfer hydrogenation (TH) of aromatic ketones and the research on octahedral stereochemistry and 
spectral properties of metallabenzene complexes. The main results are obtained as follows: 
1. Ruthenabenzene was reacted with L-NNN [(S)-N-(pyridin-2-ylmethyl)pyrrolidine-2-carbo- 
xamide] to form a new catalytic system, which was applied as efficient catalysts for the transfer 
hydrogenation of aromatic ketones with high yields. Consequentially, the conversion for 
acetophenone was as high as 98 % after reacting at 50 ℃ for 5 h. We also explored the effect role on 
steric bulk of the alkyl group of the substrate PhCOR. It was found that the conversion decreased a 
little when the size of R increased from methyl to cyclohexyl. The position of the ring substituent 
had no influence on hydrogenation results. When the substituent was changed from electron- 
donating Me to electron-withdrawing Cl, the conversion increased. Ruthenabenzene was reacted 
with (R,R)-dpen [(1R,2R)-(+)-1,2-diphenyl-1,2-ethanediamine] to form a new catalytic system, 
which could efficiently catalyze the asymmetric transfer hydrogenation of acetophenone with 
conversion 97 % and 31 % e.e. 
2. Osmabenzene was applied as catalysts for the transfer hydrogenation of aromatic ketones for 
the first time. The reaction activity was not very high with the yields from 17 % to 99 %. 
Osmabenzene was also reacted with pyme [1-(pyridin-2-yl)methanamine] to form a new catalytic 
system, which was much more reactive than the above osmabenzene system. The conversion for 
acetophenone was as high as 98 % after reacting at 82 ℃ for 2 h, which was the same with the in-situ 
system of the osmabenzene and pyme. The catalysts prepared in situ from the osmabenzene and 
pyme could also catalyze TH of most of aromatic ketones in 100 % conversions. The osmabenzene 
complexes prepared with chiral (R,R)-dach [(1R,2R)-(-)-1,2-Diaminocyclohexane] have been proven 
to reduce aromatic ketones by means of asymmetric TH (ATH) in high conversions (82-100 %) but 
low to moderate e.e. values (25-52 %). Although the enantioselectivity remains to be further 
improved, this is the first application of chiral metallabenzene derivatives on the ATH of aromatic 
ketones. 
3. Chiralselective syntheses of a pair of the osmabenzene complexes, Os-(L-NNN) and Os-(D- 
NNN), were studied and their CD spectra are approximately of mirror image. The more accurate 
analysis of their CD spectra and absolute configurations still need further investigation. 
4. A pair of chiral-only-at-metal osmabenzene complexes - and -[Os(CHC(PPh3)CHC(PPh3) 
CH)(C9H6NO2)]Cl (4-4) were separated and purified by chiral high-performance liquid chromato- 
graphy (CHPLC) for the first time. These two enantiomers were further characterized by CD spectra, 
which are virtually mirror image of each other. From the computational simulation studies of the CD 
spectra basing on the crystal structure of 4-4, their absolute configurations could be assigned. 




















































































































































































































































M = Mn, Re                    M = Co, Rh, Ir                  M = Co, Rh, Ir
L = 中性配体, X= 卤素离子  


























Ru、Rh、Pt等构筑的金属苯。如Hughes等在 1986、1987 年分别报道了 2 和 3[17, 18]。
Bleeke等在 1989 年报道了首例稳定的铱苯 4[10, 19]。1995 年，Jones等[20]报道了一
种经低温核磁共振表征的钌苯 5，虽然钌苯 5 在30℃以上温度就会发生分解，
仅是由低温核磁表征结果推测结构，但是它是第一个由第二过渡系金属构筑的非
配位型金属苯。2010 年，Jia等报道了首个稳定的铼苯 6[21]，这是中前族过渡金
属( BⅢ - BⅧ 族)用于构筑金属苯比较少见的例子之一，尽管Thorn和Hoffmann已经













































图 1-2 文献中报道的几类金属苯 
目前Os、Ir、Ru是报道 多的三种构筑金属苯的金属原子，除此之外还包括
Fe、Ni、Pt、Mo、Re、Ta、Nb、W等过渡金属。此外还发现了一些由金属与N、
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